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Abstract

To investigate the functional neuroanatomy associated with retrieving semantic and episodic memories, we measured changes in
regional cerebral blood flow (rCBF) with positron emission tomography (PET) while subjects generated single word responses to
achromatic line drawings of objects. During separate scans, subjects either named each object, retrieved a commonly associated
color of each object (semantic condition), or recalled a previously studied uncommon color of each object (episodic condition).
Subjects were also scanned while staring at visual noise patterns to provide a low level perceptual baseline. Relative to the low level
baseline, all three conditions revealed bilateral activations of posterior regions of the temporal lobes, cerebellum, and left lateralized
activations in frontal regions. Retrieving semantic information, as compared to object naming, activated left inferior temporal, left
superior parietal, and left frontal cortices. In addition, small regions of right frontal cortex were activated. Retrieving episodic
information, as compared to object naming, activated bilateral medial parietal cortex, bilateral retrosplenial cortex, right frontal
cortex, thalamus, and cerebellum. Direct comparison of the semantic and episodic conditions revealed bilateral activation in temporal
and frontal lobes in the semantic task (left greater than right), and activation in medial parietal cortex, retrosplenial cortex, thalamus,
and cerebellum (but not right frontal regions) in the episodic task. These results support the assertion that distinct neural structures
mediate semantic and episodic memory retrieval. However, they also raise questions regarding the specific roles of left temporal and
right frontal cortices during episodic memory retrieval, in particular. © 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction

During our lifetimes, we acquire a vast amount of infor-
mation that we refer to as “stored in memory.” Memories
can vary according to several descriptive features, includ-
ing the relation of the memory to a specific context and
mode of retrieval. Tulving [75] differentiated two general
types of information stored as semantic and episodic
memory. Semantic memory refers to generic knowledge
that is context-free (e.g., the name and color of a banana)
and, typically, is retrieved automatically. Episodic
memory, on the other hand, refers to information that is
unique to an individual, is tied to a specific context (e.g.,
I ate a banana at lunch yesterday), and requires conscious
recollection to be retrieved.

Neuropsychological data suggest that these different
types of memory may depend on separate (although
probably overlapping) cortical structures [62]. Lesion
data have shown that, for semantic knowledge, left tem-
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poral regions appear to be crucial for storage [e.g., 14,
28, 67] whereas left frontal cortex is implicated in retrieval
[e.g., 32, 44], suggesting that accessing semantic know-
ledge depends on the orchestration of a distributed net-
work of cortical areas. Moreover, despite their impaired
semantic knowledge, patients with left temporal lobe
damage [14, 68] or left frontal cortical damage [44] have
relatively preserved memory for episodic information.
Episodic memory function, on the other hand, is imp-
aired after damage to medial temporal structures (i.e.,
hippocampus, parahippocampal gyrus, perirhinal cortex,
and entorhinal cortex) or to the diencephalon (i.e., dor-
somedial nucleus of the thalamus and mamilliary bodies).
The resultant amnesic syndrome is hallmarked by pro-
found forgetfulness for new information (anterograde
amnesia) and for some previously acquired information
(retrograde amnesia), but general knowledge retrieval is
intact [53]. Although medial temporal and diencephalic
structures are important for establishing episodic memor-
ies, and may be necessary for retrieval of newly learned
information, they are not the site for memory storage [69].
Presumably, episodic memories are stored in neocortex,
possibly near or in the same regions involved in per-
ceptual processing of the information [59]. In addition,
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neuropsychological evidence suggests that damage to
frontal cortex (left or right) can impair specific aspects of
episodic mnemonic performance, such as memory search
processes and organizational strategies (for reviews, see
[65, 82]).

In general, functional imaging studies using positron
emission tomography (PET) and functional magnetic res-
onance imaging (fMRI) with normal individuals support
and extend these neuropsychological findings. As would
be predicted by lesion data, subjects performing semantic
retrieval tasks show increased regional cerebral blood
flow (rCBF), or activations, in left inferior and dor-
solateral frontal cortex and left posterior temporal cortex
[13, 40, 41, 48]. Moreover, activation in medial temporal
structures has been reported during encoding [e.g., 29,
42, 72] and episodic retrieval [e.g., 24, 52, 60]. However,
despite the proposal that episodic memories are stored
in neocortex, near or in the same regions involved in
perceptual processing, surprisingly few functional imag-
ing studies report such activations (although see [47, 61]
for exceptions). Instead, the most frequently reported
area of activation is in the medial parietal region (i.e.,
precuneus) [e.g., 8, 16, 26, 33, 64, 77]. Consistent with
lesion data, retrieving episodic information activates
frontal cortex, but with the surprising caveat that right
frontal regions are reliably activated more than the left
(see [9, 50] for reviews).It has also been found that the
left frontal cortex is differentially more activated during
encoding. These general trends in functional imaging data
of frontal cortex have lead Tulving and colleagues to
propose the Hemispheric Encoding/Retrieval Asym-
metry (HERA) model [76].

Interpreting functional imaging data for semantic and
episodic tasks is difficult, however, as there are often
differences between semantic and episodic tasks besides
the nature of the memories. These differences could affect
retrieval strategies used by subjects. For instance, Fletcher
et al. [16] reported that subjects performed perfectly
(100%) in their semantic task, but less accurately (81%)
in the episodic task. Different levels of performance can
confound the interpretation of differences in brain
activity (see [51]). Also, the semantic tasks often used
have multiple potentially correct answers (e.g., stem com-
pletion asks the subject to complete a three letter stem
with the first word that comes to mind) whereas episodic
tests have only one correct answer, so search strategies
for semantic tests are typically less constrained than for
episodic tests (i.e., open ended search vs restricted
search).

Although previous PET studies have included semantic
and episodic tasks in the same experiment, typically the
semantic task is included as a reference, or control, task
for the episodic task [7, 16, 64, 71]. The present study, on
the other hand, was designed to equate the semantic and
episodic tasks as much as possible. We trained subjects
to a high criterion performance on the episodic task so

that accuracy levels were matched to those on the sem-
antic and episodic tasks. In both tasks, subjects were
asked to retrieve color names for achromatic line draw-
ings. Thus, the stimuli (achromatic line drawings of
objects) and responses (names of colors) for both tasks
were identical. However, in one condition, color names
were retrieved from semantic memory; i.e., general
knowledge of an item’s typical color (e.g., yellow banana,
white igloo). In another condition, color names were
retrieved from episodic memory; i.e., specific knowledge
from a previous study episode in which the items were
visually presented in an uncommon color (e.g., red snow-
man, green lips).

We chose to study semantic and episodic memory of
color for the following reasons: First, within a particular
modality (e.g., vision), the particular attribute retrieved
may affect what areas of the brain are activated [40]. By
constraining the particular attribute to be retrieved, we
controlled for variation that could be due to processes
other than those directly related to memory retrieval.
Second, because we have evidence for the neural cor-
relates of semantic memory for color [40] the current
study was an opportunity to replicate and expand those
findings.

2. Methods
2.1. Subjects

We tested 16 right handed subjects (equal number of
male and female). Their mean age was 27.7 years
(range = 21-38) and education was 17 years
(range = 12-20). Their mean verbal intelligence score, as
estimated by the American version of the Nelson Adult
Reading Test [27], was 120 (range = 107-129). Subjects
were screened for neurological and psychiatric illnesses
and all subjects reported being in good health. Informed
consent was obtained in writing from each subject, and
all were paid to participate.

2.2. Materials

A set of 135 black and white line drawings of objects
was selected (most from [66]) with the restriction that
all items had typical colors associated with them (e.g.,
footballs are typically brown, whereas shirts can be a
variety of colors). From this set, 90 (6 lists of 15) items
were identified as the “unique set” and 45 (3 lists of 15)
items were identified as the “fixed set.” (The purpose of
the unique and fixed sets will be explained below.) All
lists were equated for name frequency [36], categories,
category typicality rankings [4], and color association
(e.g., number of items which are typically yellow). An
additional list of 40 objects were selected to serve as
practice stimuli for generating semantic color words dur-
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ing the training session. Study books containing 45 line
drawings (2 unique sets and 1 fixed set) were created for
learning the object-color associations (episodic) during
the training session. Each line drawing was colored (e.g.,
black, lemon) and the written name of the color appeared
below the object.

Thirty items were presented during each scan. The fixed
set of 15 items occurred in random order at the beginning
and at the end of the list (the first 7 and last 8 objects).
This set was repeated for each condition (e.g., the same
fixed set was presented for both episodic scans). Three
different fixed sets were presented across conditions
(naming, semantic, and episodic) for each subject. These
items served as a buffer to engage subjects in the task and
to provide data on consistency of responses to the same
objects within and across subjects. The intervening 15
unique items, whose presentation coincided with the PET
scan window, were seen by a subject only once during the
experimental session (see [40]). These unique item sets
were counterbalanced across conditions and subjects.
Thus, across subjects, each item was presented in each
condition (e.g., responses forigloo were “igloo,” “white,”
and ‘“‘yellow”). However, for a given subject, different
items were presented during the scans for naming, sem-
antic retrieval, and episodic retrieval.

An additional set of stimuli (visual noise patterns) were
used for the perceptual baseline task, that consisted of
randomly ordered black dots on a 10 x 10 cm white back-
ground (see [41]). The size of the noise patterns was
determined by the area in which the line drawings would
be presented.

The experiment was conducted on a Macintosh Ilcx
computer (Apple, Cupertino, CA) using SuperLab sof-
tware (Cedrus, Wheaton, MD), which presented the stim-
uli and recorded subjects’ voice on-set times. Stimuli were
presented on a computer monitor positioned approxi-
mately 60 cm from the subject’s eyes and tilted to face
the subject. Examples of the stimuli and responses are
presented in Fig. 1.

2.3. Task procedure

2.3.1. Training session.

Subjects were initially trained between 24 and 48 h
before the scans. Subjects first studied a book of 45 col-
ored objects for 10 min. They were then shown achro-
matic line drawings of these objects on a Macintosh
computer, one at a time, and asked to recall the color in
which each object had been studied. There was no time
constraint for answers and subjects received feedback
for each answer. If subjects performed at less than 90%
accuracy, they received an additional 5 min of study time
and were given the same test. This continued until the
subject performed at 90% accuracy or above. The aver-
age number of trials to criterion was 1.4 trials.

After completing the memory test, subjects were then

Baseline Retrieval
conditions conditions
(a) | stare Semantic “white” | (c)
(b) |Name “thimble” | Episodic “silver” | (d)
% /
//
Q/_//

Fig. 1. Examples of stimuli and responses during scanning for (a) low
level perceptual baseline (visual noise), (b) object naming baseline, (c)
semantic retrieval, and (d) episodic retrieval conditions.

familiarized with the task that would be required during
the scanning session. The presentation rate for these
training task items was the same as that of the scanning
session (described below). First, subjects were asked to
name objects. The unique lists from the naming and sem-
antic conditions were presented for this task, to control
for the previous exposure of the episodic memory items.
Second, subjects were shown a different set of objects
only shown during the training session and asked to
practice retrieving color names from semantic memory.
Third, subjects were given another episodic memory test.
All but one subject performed at or above criterion on
this final test (this subject was given feedback and an
additional test). Subjects also briefly reviewed the epi-
sodic memory stimuli an hour before the scans.

2.3.2. Scanning session.

Eight scans were obtained from each subject and each
condition was scanned twice. The low level perceptual
baseline task was always presented first and last. This
first scan was included as an orientation scan for subjects
(to control for the novelty of the scanning environment)
and was not included in subsequent analyses. The inter-
vening naming, semantic, and episodic conditions were
counterbalanced accordingly: each condition was
assigned to two blocks (first scan block and second scan
block), so that each block comprised all three conditions.
The order of conditions within each block was counter-
balanced across subjects.

The start time of each task was adjusted to ensure that
the unique items were presented during the critical first
20-30 s of the 60-s scan window [31]. For each scan
condition, 30 stimuli were presented in the center of a
video monitor at the rate of 1 stimulus every 3 s. Each
stimulus was presented for 180 ms, followed by a centrally
located fixation cross. In the perceptual baseline task,
subjects viewed the visual noise patterns and were told
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to simply stare at the stimuli. In the other conditions,
achromatic line drawings of objects were presented and
subjects were instructed to limit their response to a single
word (either the object’s name, a color normally associ-
ated with that object, or the color learned previously
for that object). Voice on-set time and error rate were
recorded as measures of difficulty and accuracy, respec-
tively. Post experimental interviews were also conducted
after the entire scanning session ended to record subjects’
subjective experiences during the scans (e.g., the retrieval
methods used to recall semantic and episodic infor-
mation, degree of imagery noted during different
conditions, perceived difficulty of task).

2.4. PET scanning procedure

PET scanning was performed with a Scanditronix
PC2048-15B tomograph (Milwaukee, WI) which
acquired 15 contiguous, 6.5 mm thick cross-sectional
images per scan. The resolution was 6.5 mm, full-width
at half-maximum (FWHM). A thermoplastic mask was
modeled to each subject’s head and attached to the scan-
ner bed to minimize head movement. Subjects were pos-
itioned within the tomograph so that they could view a
computer monitor. A small catheter was placed in the
right arm of each subject for subsequent intravenous
bolus injections of 37.5 mCi of H3*O per scan. Subjects
began each task approximately 30 s prior to the injection.
Scanning began when the brain radioactivity count
reached a threshold value and continued for 60 s. Scans
were 10 min apart. As blood flow increases are known to
be linear function of radiation counts for scans lasting
less than one min [18, 30], local radiation counts were
used as an estimate of local blood flow.

2.5. PET data analysis

All scans were first corrected for head movements [37,
45, 49] and task related differences in rCBF were then
tested using Statistical Parametric Mapping (SPM) [19-
22]. Specifically, each scan was scaled to the dimensions
of the Talairach and Tournoux [74] stereotactic atlas
brain, aligned to the estimated location of the line con-
necting the anterior and posterior commissures (AC—PC
line), and reshaped to conform to a template PET scan.
Each scan was resampled into voxels that were 2 x 2 x 4
mm in the x, y, and z planes, respectively, and then
smoothed using a gaussian filter with a FWHM of 2 cm
in x and y, and 1.2 cm in z. After each individual’s scan
was resampled into a standard brain coordinate space,
statistics were calculated for each voxel sampled in all
subjects. The rCBF for each voxel was corrected for
variations in global blood flow by dividing each voxel
value by the global mean for that scan. The significance
of rCBF differences between task conditions was tested
by t-tests, and expressed as standard Z values.

The PET results are reported in terms of the differences
between averaged blood flow patterns yielded by each
comparison. We refer to resultant higher blood flow as
“activations.” The peak locations of significant acti-
vations were thresholded for Z scores greater than or
equal to 3.09 (P < 0.001, one-tailed) and are expressed
as coordinates in the Talairach and Tournoux [74] brain
atlas. For cortical areas predicted a priori, we also report
activations thresholded for Z scores greater than or equal
to 2.33 (P < 0.01, one-tailed).

3. Results
3.1. Behavioral data

Response accuracy and voice response time for each
condition were recorded. Errors (defined as either per-
ceptual errors, retrieval errors, or failures to respond)
were rare: Subjects were able to name 96% of the items,
to generate appropriate semantic-based colors for 98%
of the items, and to remember episodic-based colors for
97% of the items. Error rates did not differ for the three
conditions (P > 0.10); thus all conditions were matched
on accuracy. There was also good agreement between
subjects on the color assigned to each object in the sem-
antic condition (mean proportion of subjects retrieving
the same word for the object = 85%). In addition, sub-
jects gave consistent responses to the objects presented
on both semantic condition scans (mean response con-
sistency to the fixed set of 15 items = 88%).

Voice onset differed for each of the three conditions (F
(2, 30) =91.7, P < 0.0001). As we anticipated, naming
speed (M = 644 ms, SD = 103) was faster than the sem-
antic (M =853 ms, SD =146) (F (1, 30) = 182.4,
P < 0.0001) and episodic (M = 763 ms, SD = 141) (F
(1, 30) = 34.4, P < 0.0001) retriecval conditions. Subjects
were also faster retrieving color names from episodic
memory than from semantic memory (F (1, 30) = 58.4,
P < 0.0001). These data are from all 30 items presented
during each condition (analyses limited to the 15 unique
objects presented during each scan did not differ from
those reported here).

Post-experimental interviews revealed that subjects, in
general, agreed that their retrieval search strategies were
similar for both semantic and episodic tasks (specifically,
they were aware of retrieving only one answer rather than
several answers from which to chose). Subjects varied,
however, in their reports regarding the degree of imagery
used (specifically, whether the colors were visualized
before verbalizing) and the perceived difficulty in the two
conditions. Some subjects reported experiencing the same
degree of imagery during retrieval in both conditions,
whereas others reported more imagery during episodic
retrieval or during semantic retrieval. Likewise, some
subjects reported the two conditions were equally diffi-
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cult, whereas others reported that the semantic condition
was more difficult than was the episodic condition (in
agreement with the voice onset data, no one noted the
episodic condition to be more difficult than the semantic
condition).

3.2. PET data

Our strategy for analyzing the rCBF data was first
to compare each cognitive task (naming, semantic, and
episodic) to the same low level baseline condition (the
second visual noise scan) (see Table la,b,c and Fig. 2).
These comparisons were interpreted to indicate activity
attributed to general object identification processes,
retrieval operations, and speech production as well as
the processes specifically associated with each type of
cognitive task.

Relative to the low level baseline, the overall pattern
of activity associated with each cognitive task was highly
similar (see Fig. 2). All three conditions revealed bilateral
activations of the medial temporal lobes and the occipito-

Table la

temporal region (greater on the left than right). To evalu-
ate how rCBF was modulated in these regions by each
task, we selected two left temporal lobe sites that were
activated during semantic retrieval relative to the low
level baseline, with peak activity in the fusiform gyrus
(—40, —32, —12) and hippocampal region (—24, —36,
0). The rCBF values measured at these pixels were sub-
mitted to separate analyses of variance (ANOVAs).
Naming, semantic retrieval, and episodic retrieval pro-
duced notably higher rCBF values than visual noise in
the left fusiform gyrus (see Fig. 3a) (Omnibus F (3,
45) = 20.2, with planned comparisons showing greater
rCBF for naming, F (1, 45)=29.1, semantic, F (1,
45) = 55.3, and episodic, F (1, 45) = 10.6, than for visual
noise, all P’s < 0.005). Semantic retrieval produced the
greatest amount of activation (semantic vs naming, F
(1, 45) = 4.2, P < 0.05; and semantic vs episodic, F (I,
45) = 17.4, P < 0.0001), followed by naming (naming vs
episodic, F (1, 45) = 4.6, P < 0.05). In the hippocampal
region, all conditions produced greater rCBF values than
visual noise (see Fig. 3b) (Omnibus F (3, 45) = 10.2, with

Local maxima within areas demonstrating significantly greater rCBF for naming against low level per-

ceptual baseline

Coordinates
Brain regions (Brodmann Area) X y z Z score
Object naming greater than visual noise baseline
Frontal lobe
L. inferior frontal gyrus (44) —38 8 8 5.00
L. insula/claustrum —-30 6 4 4.95
L. precentral gyrus (4) —46 —14 40 4.74
Medial premotor/Anterior cingulate (6/32) —4 4 44 4.50
R. precentral gyrus (4) 46 —12 36 3.79
Parietal lobe
L. postcentral gyrus (43) —48 —10 20 4.19
Occipital lobe
L. cuneus (18) —18 —82 12 3.11
Temporal lobe
L. inferior temporal gyrus (37) —38 —56 —20 7.24
L. hippocampal region —-30 —38 4 4.22
L. superior temporal gyrus (22) —54 —24 4 3.90
R. superior temporal gyrus (22) 46 —12 4 4.18
Subcortical structures
L. thalamus (ventral posterior lateral nucleus) —14 —16 8 4.48
R. thalamus (dorsomedial nucleus) 8 —14 8 5.18
R. caudate nucleus 12 8 16 4.73
R. putamen 22 0 8 4.79
18 8 8 4.68
28 —6 8 4.79
Cerebellum
Left —-22 —60 —24 7.55
Midline 4 —65 —24 7.45
Right 22 —52 —24 7.37

Notes: The coordinates are from the atlas of Talairach and Tournoux [74], where x, y, and z correspond
to the right—left, anterior—posterior, and superior—inferior dimensions, respectively. Only activations with
Z > 3.09 are reported. Brodmann areas are included in parentheses.
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Table 1b

Local maxima within areas demonstrating significantly greater rCBF for semantic retrieval against a low

level perceptual baseline

Coordinates
Brain regions (Brodmann Area) X y z Z score
Semantic retrieval greater than visual noise baseline
Frontal lobe
L. inferior frontal cortex (45) —40 20 20 5.23
L. insula —-32 12 8 591
L. precentral gyrus (4) —48 —10 44 5.40
—46 -2 24 4.79
Medial premotor/Anterior cingulate (6/32) —4 8 44 5.69
R. precentral gyrus (4) 46 —10 44 3.36
Temporal
L. fusiform gyrus (20) —40 —32 —12 5.24
L. hippocampal region —24 —36 0 4.18
R. superior temporal gyrus (22) 48 —26 4 3.14
Subcortical
L. pulvinar —4 —24 4 5.14
L. thalamus (dorsomedial nucleus) —14 —18 8 4.54
R. thalamus (dorsomedial nucleus) 12 —16 8 5.33
R. putamen 18 8 8 4.68
Cerebellum
Left —-22 —60 —24 7.28
—38 —56 —20 7.24
Midline 5 —64 —24 >7.98
Right 22 —52 —24 7.23

Notes: The coordinates are from the atlas of Talairach and Tournoux [74], where x, y, and z correspond
to the right-left, anterior—posterior, and superior—inferior dimensions, respectively. Only activations with
Z > 3.09 are reported. Brodmann areas are included in parentheses.

planned comparisons showing greater rCBF for naming,
F (1,45) = 15.6, semantic, F (1, 45) = 26.8, and episodic,
F (1, 45) = 15.5, than for visual noise, all P’s < 0.0005)
but in this region there was no difference between the
naming, semantic, and episodic conditions (all
P’s > 0.10).

Relative to the low level baseline, each condition was
also associated with massive bilateral cerebellar acti-
vation, as well as left lateralized activations in the inferior
frontal cortex (Brodmann Area, or BA 44/45), primary
motor cortex (BA 4), and anterior cingulate region (BA
6/32). Additionally, all conditions activated the right dor-
somedial nucleus of the thalamus. Of particular note:
none of the tasks produced right prefrontal activation.
The main variation in rCBF across the three conditions
relative to the low level baseline was that only episodic
retrieval was associated with bilateral activation in the
posterior parietal region (more on the right than the left)
which extended from the lateral superior parietal lobes
to medial parietal cortex (see Table 1).

The next baseline comparisons (i.e., semantic minus
naming baseline and episodic minus naming baseline)
indicated activity that could be attributed to each type of
memory task, over that required by naming (see Table 2
and Fig. 4). Retrieving semantic information activated

left frontal cortex (BA 9). Less robust activations
(Z = 2.33, P < 0.01) were also found in two right frontal
regions (BA 9 and 46). In addition, posterior activations
were revealed in left superior parietal cortex (BA 7/19),
with weaker activations (Z > 2.33, P < 0.01) in left fusi-
form gyrus of the temporal lobe (BA 37). Similar to
the semantic condition, retrieving episodic information
revealed a weak activation (Z > 2.33, P < 0.01) in right
frontal cortex (BA 9; unlike the semantic condition, how-
ever, BA 46 was not activated). More robust activations
were found in lateral posterior parietal cortex bilaterally
(BA 7/19), medial parietal cortex (precuneus, BA 7),
retrosplenial cortex bilaterally (BA 23), the left and mid-
line cerebellum, and right thalamus.

The areas differentially activated by the two memory
retrieval tasks were identified by a third pair of analyses
in which the episodic and semantic memory tasks were
directly contrasted with each other (see Table 3 and Fig.
5). The areas activated more by the semantic condition
than by the episodic condition were in frontal and tem-
poral cortex (much greater on the left than right) (see
Fig. 5a). Specifically, semantic retrieval was associated
with activation of an extensive region in left inferior and
orbitofrontal cortex, with maxima noted in BA 45, 10,
and 11, and a less extensive left superior frontal region
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Table 1c
Local maxima within areas demonstrating significantly greater rCBF for episodic retrieval against a low
level perceptual baseline

Coordinates
Brain regions (Brodmann area) x y z Z score
Episodic retrieval greater than visual noise baseline
Frontal lobe
L. middle/inferior frontal cortex (9/45) —46 20 24 3.37
L. insula —-22 16 12 3.58
L. precentral gyrus (4) —45 —13 40 4.56
Medial premotor/Anterior cingulate (6/32) —4 4 44 4.20
Parietal lobe
L. postcentral gyrus (43) —52 -8 20 4.21
L. superior parietal cortex (7/19) —-22 —68 32 5.02
R. superior parietal cortex (7/19) 20 —176 36 3.30
R. precuneus/cuneus (7/19) 8 —176 36 3.45
Occipital lobe
L. fusiform gyrus (18) —34 —88 -8 3.38
L. lingual gyrus (18) -8 —-72 4 3.78
R. cuneus (18/19) 2 —78 32 3.31
Temporal lobe
R. superior temporal gyrus (22) 46 —18 4 3.20
Subcortical
R. thalamus (dorsomedial nucleus) 8 —14 4 6.86
L. putamen —24 8 8 3.79
R. putamen 19 5 8 5.31
Cerebellum
Left —40 —58 —28 >7.98
Midline 0 —64 —24 >7.98
Right 14 —60 —24 >7.98

Notes: The coordinates are from the atlas of Talairach and Tournoux [74], where x, y, and z correspond
to the right-left, anterior—posterior, and superior—inferior dimensions, respectively. Only activations with
Z > 3.09 are reported. Brodmann areas are included in parentheses.

(@) (b) (c)

(Name - Visual Noise) [ (Semantic - Visual Noise) | (Episodic - Visual Noise)

sagittal coronal sagittal 55 coronal sagittal 45 caronal

SPM

projections

projections projections

[ i -
transverse transverse transverse

Fig. 2. Regions showing increased blood flow (thresholded to Z-scores > 3.09) for (a) object naming, (b) semantic retrieval, and (c) episodic retrieval
relative to the low level perceptual baseline (visual noise).



110 C. L. Wiggs et al.|Neuropsychologia 37 (1999) 103—118
(a) (b)

Left fusiform gyrus Left hippocampal region

55 54

|

534

normalized rCBF
normalized rCBF

524

NOISE NAME  SEMANTIC EPISODIC

NOISE NAME  SEMANTIC EPISODIC
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Fig. 3. Normalized rCBF values at the pixel of peak activity in (a) left fusiform gyrus (BA 20; —40, —32, —12) and (b) left hippocampal region
(—24, —36, 0) during low level perceptual baseline (visual noise), object naming, semantic retrieval, and episodic retrieval.

Table 2
Local maxima within areas demonstrating significantly greater rCBF for the semantic and episodic retrieval
conditions against a naming baseline

Coordinates
Brain regions (Brodmann area) X y z Z score
Semantic retrieval greater than naming baseline
Frontal lobe
L. middle frontal gyrus (9) -39 16 28 4.34
R. middle frontal gyrus (9) 40 16 28 2.66
R. middle frontal gyrus (46) 28 46 8 2.61
Parietal lobe
L. superior parietal cortex (7/19) —32 —68 36 3.92
Temporal lobe
L. fusiform gyrus (37) —40 —38 -8 2.36
—48 —48 —12 2.33
Episodic retrieval greater than naming baseline
Frontal lobe
R. middle frontal gyrus (9) 40 14 32 2.96
Parietal lobe
L. superior parietal cortex (7/19) —28 —68 32 6.17
L. posterior cingulate gyrus (23)/Retrosplenium —4 —38 16 4.07
Precuneus (7) 0 —68 32 6.18
R. superior parietal cortex (7/19) 26 —-72 32 4.44
R. posterior cingulate gyrus (23)/Retrosplenium 4 —34 16 3.88
R. thalamus (dorsomedial nucleus) 8 —18 4 3.29
Cerebellum
L. cerebellum —24 —50 —28 3.48
—36 —62 —28 3.40
Midline cerebellum 0 —46 —24 3.34
2 —60 —24 3.33

Notes: The coordinates are from the atlas of Talairach and Tournoux [74], where x, y, and z correspond
to the right-left, anterior—posterior, and superior—-inferior dimensions, respectively. Activations with
Z > 3.09 are reported (exceptions are italicized). Brodmann areas are included in parentheses.

that was centered in BA 8. A small area of increased (y = —4) region of the left inferior temporal gyrus (BA
activity in the right inferior frontal cortex (BA 11/47) was 37 and 20), including the parahippocampal gyrus. Less
also found. In the left temporal cortex, a widespread area extensive areas of increased activation were found in the
of increased activation extended along a ventral path right fusiform gyrus (BA 20) and parahippocampal

from a posterior region (y = —44) to a more anterior region (BA 36).
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Fig. 4. Regions showing increased blood flow (thresholded to Z-scores > 2.33) for (a) semantic and (b) episodic retrieval relative to the object naming
baseline.

Table 3
Local maxima within areas demonstrating significantly greater rCBF for each of the retrieval conditions
compared with each other

Coordinates
Brain regions (Brodmann area) X y z Z score
Semantic retrieval greater than episodic memory
Frontal lobe
L. superior frontal gyrus (8) —12 26 44 5.20
L. inferior frontal gyrus (45) —40 24 4 5.47
L. medial frontal gyrus (11) —14 20 —12 4.52
L. medial frontal gyrus (10) —10 40 -8 3.77
L. orbital frontal gyrus (11) —20 44 —4 3.89
R. inferior frontal cortex (11/47) 26 28 -8 3.31
Temporal lobe
L. inferior temporal gyrus (37) —48 —44 —4 4.32
L. inferior temporal gyrus (20) —42 —-32 -8 4.09
L. fusiform/parahippocampal region (20/36) —36 —20 —-20 4.06
L. inferior temporal gyrus (20) —-36 —4 —24 4.30
R. fusiform gyrus (20) 40 —28 —20 3.23
R. parahippocampal region (36) 30 —12 —24 3.80
Episodic retrieval greater than semantic memory
Anterior cingulate (24) 2 24 16 3.80
Parietal lobe
Posterior cingulate gyrus (23)/Retrosplenium 0 —38 16 4.07
R. precuneus (7/31) 6 —64 36 6.64
R. thalamus (dorsomedial nucleus) 6 —14 4 3.41
R. brainstem 14 —38 —28 3.33
L. cerebellum —24 —54 —28 3.64

Notes: The coordinates are from the atlas of Talairach and Tournoux [74], where x, y, and z correspond
to the right-left, anterior—posterior, and superior—inferior dimensions, respectively. Only activations with
Z > 3.09 are reported. Brodmann areas are included in parentheses.
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sagittal coronal
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Fig. 5. Regions showing increased blood flow (thresholded to Z-scores > 3.09) for (a) semantic retrieval relative to episodic retrieval and (b) episodic
retrieval relative to semantic retrieval.

The more extensive activation in left temporal cortex naming (see Fig. 4a) suggested that episodic retrieval
revealed when semantic retrieval was compared with epi- activated left temporal cortex less than did naming. This
sodic retrieval (see Fig. 5a) than when compared with possibility was verified by an additional analysis that

M K Pagel12 X
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showed greater activation along the left middle temporal
gyrus (—50, —36, 0; z=3.65 and —42, +2, —12;
z = 3.64) for naming than episodic retrieval.

The main area of differential activation revealed in the
episodic condition compared to the semantic condition
was in medial parietal (BA 7/31) and retrosplenial cort-
ices (see Fig. 5b). Additionally, smaller areas of increased
activation were found in the anterior cingulate (BA 24),
right thalamus, and left cerebellum.

As no activation was revealed in right frontal cortex
for episodic relative to semantic retrieval, we investigated
how rCBF was modulated in right frontal cortex across
the three cognitive tasks. Two right frontal regions were
selected: One was activated during both semantic and
episodic retrieval relative to naming (BA 9; +40, + 16,
+28), and one was selectively activated during semantic
relative to episodic retrieval (BA 11/47; +26, +28, —8).
We submitted the rCBF values measured at these pixels
to separate ANOVAs. The patterns of activation differed
markedly across these regions (see Fig. 6). Both semantic
and episodic retrieval produced notably higher rCBF
values than naming in right BA 9 (Omnibus F (2,
30) = 3.6, with planned comparisons showing greater
rCBF for semantic, F (1, 30) = 5.9, and episodic, F (1,
30) = 4.9, than for naming, all P’s < 0.05; but no differ-
ence between semantic and episodic, P > 0.10). In
contrast, rCBF in right BA 11/47 was higher for naming
and semantic retrieval than for episodic retrieval (£ (2,
30) = 7.2, with planned comparisons showing greater
rCBF for naming, F (1, 30) = 9.3, and semantic F (1,
30) = 12.0, than episodic, all P’s < 0.005; but no differ-
ence between naming and semantic, P’s > 0.10).

4. Discussion
These results support the assertion that dissociable

cortical systems subserve semantic and episodic memory.
Whereas left temporal and left frontal cortices were acti-

(a)

vated most when subjects retrieved semantic information,
the medial parietal region was activated most when
retrieving episodic information. These results are con-
sistent with findings from previous PET studies as dis-
cussed earlier. Despite our predictions, however, neither
medial temporal nor right prefrontal cortices were selec-
tively activated when subjects retrieved episodic infor-
mation. Below we will discuss each of these brain regions
in relation to our findings.

4.1. Temporal lobes

All conditions, compared to a low level baseline,
revealed bilateral activations of posterior temporal
regions (greater on the left than right). This is consistent
with lesion and functional imaging data suggesting that
left posterior temporal cortex is the site for stored infor-
mation needed to name an object [41, 43], to retrieve
semantic information about an object [13, 40, 48, 67], or
to retrieve episodic information about an object [35].

The degree to which the left temporal lobe was acti-
vated, however, varied according to what kind of infor-
mation was retrieved. Specifically, retrieving semantic,
but not episodic, information activated left ventral tem-
poral cortex (BA 37) over and above naming. This same
region was reported in our previous study [40] for the
same semantic task contrasted with naming. In fact, the
locations of maximum activity are practically identical
(Martin et al. [40] report —46, —46, —12 whereas the
current study reports —48, —48, —12 and —40, —38,
—8). The strength of the activations may have been
weaker in the current study due to a slower stimulus
presentation rate than that used in our initial study (see
[55], for effects of presentation rate on degree of rCBF
changes), to previous exposure to experimental materials
in the current study (for reports of decreased blood flow
in subjects shown re-presented stimuli, see [7, 39, 71]),
or to the combined influence of both of these factors.

(b)
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Fig. 6. Normalized rCBF values at the pixel of peak activity in right frontal cortex: (a) BA 9 (+40, + 16, +28) and (b) BA 11/47 (426, +28, —8)

during naming, semantic retrieval, and episodic retrieval.
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When episodic and semantic conditions were directly
contrasted with each other, only the semantic condition
revealed activation in left temporal cortex. Thus,
although episodic memory about an object attribute is
presumably stored in temporal cortex, our data suggest
that retrieving a particular episodic memory associated
with an object (i.e., a newly formed object-color associ-
ation) does not recruit left temporal cortex to a greater
extent than object naming. In fact, object naming pro-
duced more left temporal lobe activation than did the
episodic retrieval task. Several explanations may address
these results. One possibility is that recently learned infor-
mation (in this case, a new color-object association) and
highly over-learned material (in this case, an object’s
name and typical color) are both represented in left tem-
poral cortex, but the representation of recently acquired
information is weaker and more diffuse than the rep-
resentation of over-learned information. As a result, the
locus for storage of the newly formed (and likely soon
to be forgotten) object—color association is not revealed
when compared to over-learned, permanent semantic
information, but can be seen relative to a low-level base-
line task (staring at visual noise patterns). Alternatively,
newly formed color-object associations may be stored
focally, but not in the temporal lobes. The cortical areas
most activated during episodic retrieval in the current
study were the medial parietal and retrosplenial cortices,
thus perhaps these regions constitute the locus for epi-
sodic memory storage.

4.2. Medial parietal and retrosplenial regions

Retrieving episodic memories activated the medial
aspect of the parietal lobe and the retrosplenial region to a
greater extent than naming objects or retrieving semantic
memories. These findings replicate several reports of
selective activation of medial parietal cortex during epi-
sodic retrieval, as well as the differential involvement of
medial parietal cortex in episodic retrieval relative to
semantic tasks [16, 64]. These data are also in agreement
with reports that damage to retrosplenial cortex [5, 80],
as well as to adjacent medial parietal cortex [57], has
resulted in amnesia, thus providing converging evidence
that these regions are important for episodic memory
function.

Do such findings suggest that these regions constitute
the locus for episodic memories? Retrosplenial lesions, in
particular, cause severe anterograde amnesia but rela-
tively less retrograde amnesia [5], whereas temporal lobe
lesions have been noted to cause retrograde amnesia for
both semantic and episodic memories [e.g., 3, 35]. If
remote memories are, indeed, stored in the retrosplenium,
one would expect retrosplenial lesions to cause significant
retrograde amnesia. Consistent with this possibility,
Rudge and Warrington [57] reported profound retro-
grade amnesia in addition to anterograde amnesia in

patients whose lesions included medial parietal cortex.
Under this framework, the medial parietal region was
engaged in our study because subjects experienced
extremely successful recovery of episodic information
(their recall success rate was 97%), therefore reactivating
stored information (see [33]).

However, it is more likely that the medial parietal
region subserves a particular aspect of recovering epi-
sodic information (e.g., recapitulating the encoding
event). One possibility, suggested by Fletcher and col-
leagues [15—-17], is that the medial parietal region par-
ticipates in imagery processes elicited to aid episodic
retrieval. Specifically, they argue that medial parietal cor-
tex is required for inspecting visual images (as opposed
to regions associated with the automatic generation of
images). The present data, however, do not support this
hypothesis. Medial parietal cortex was activated during
episodic retrieval, even when contrasted with a semantic
task that would be expected to elicit a similar visual
imagery process. In fact, post experimental interviews
suggested that, in general, subjects were not aware of
using imagery to a greater extent in the episodic condition
than in the semantic condition.

Buckner and colleagues [8] also report contrary evi-
dence for the visual imagery hypothesis; specifically,
rCBF in the medial parietal region was no greater when
subjects recalled a visual image (e.g., picture of a wheel)
than when they recalled an auditorily presented word
(e.g., “wheel”). Both episodic retrieval tasks activated
medial parietal cortex. However, Buckner et al. reported
two functionally dissociable areas within this region: A
posterior area (—3, —72, +37) showing increased rCBF
during episodic retrievals and an anterior area (—2, — 53,
+41) showing deactivations. Our data concur with these
findings. Whereas we report episodic retrieval related
activation in the medial parietal region relative to the
visual noise baseline (+8, —76, +36) (see Table lc),
additional analyses showed that deactivations were found
in a more anterior area of the medial parietal region (—2,
—56, +40).

Such findings highlight the importance of identifying
the specific brain pathways involved in episodic retrieval
tasks. Given the extensive connections between medial
temporal structures with medial parietal and retrosplenial
regions [81], the role(s) of the medial parietal and retro-
splenial regions is more consistent with the process of
retrieval than storage of episodic memories.

4.3. Medial temporal and diencephalic regions

Activations in the left medial temporal region were
revealed for all conditions (naming, semantic retrieval,
and episodic retrieval) when compared with a low level
baseline (see Fig. 3b). Medial temporal activation during
object naming is consistent with our previous report using
the same low level baseline as the current study [42].
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Moreover, detecting activation in the medial temporal
region during episodic retrieval is consistent with other
PET studies [52, 60, 61, 71]. The medial temporal region,
however, was not seclectively enhanced for episodic
retrieval relative to naming or semantic retrieval [see also
1,7,8, 11, 16, 29, 34, 64, 79]. On the contrary, a greater
activation of the left parahippocampal region was
revealed when semantic retrieval was compared with epi-
sodic retrieval. This selective activation during semantic
retrieval is in line with the assertion that the medial tem-
poral region is part of a novelty assessment circuit [78],
since the stimuli presented in the semantic condition were
relatively more novel to subjects than were stimuli pre-
sented in the episodic condition. That is, in the context
of this study, additional pre-exposure to the stimuli in
the episodic condition made these stimuli more familiar
relative to the stimuli in the semantic condition. Thus,
in the current study, the medial temporal region was
relatively more activated when processing less familiar
stimuli.

Unlike our findings for the medial temporal region,
episodic retrieval revealed significant thalamic acti-
vations, above that elicited by naming objects or by
retrieving semantic information. This is in line with neu-
ropsychological [10, 70] and functional imaging [8, 11,
16, 64] literature implicating the dorsomedial nucleus of
the thalamus in episodic memory function.

4.4. Frontal lobes

Retrieving semantic information recruited left frontal
cortex to a greater degree than naming objects and
retrieving episodic memories. This finding is in broad
agreement with previous PET [23, 34, 40, 48, 54, 56,
83] and lesion data [32, 44] regarding semantic memory
retrieval. The present data are also consistent with evi-
dence from several imaging studies highlighting the par-
ticipation of right frontal cortex during retrieval from
episodic memory, regardless of whether the material is
verbal [1, 7, 8, 11, 16, 26, 34, 52, 64, 77, 79] or nonverbal
[2, 29]. Specifically, episodic retrieval recruited right pre-
frontal cortex over that required to simply name the
objects. Moreover, consistent with predictions generated
form the HERA model, rCBF was greater in left than
right frontal regions during semantic memory retrieval,
whereas rCBF was greater in right than left frontal
regions during episodic memory retrieval. This latter
assertion is due to the fact that the episodic condition did
not produce any greater left frontal activity than that
produced by object naming.

The current data, however, are not in complete agree-
ment with predictions from the HERA model. Specifi-
cally, they are inconsistent with reports of greater
activation in right frontal cortex when retrieving infor-
mation from episodic than from semantic memory.
Instead, we found similar levels of activity in frontal

cortex (BA 9) during retrieval from episodic and semantic
memory above that recruited by naming. Moreover, sem-
antic retrieval recruited an additional right frontal region
(BA 46) that was not revealed in the episodic condition.
Direct comparisons between the two retrieval tasks did
not reveal greater activation in right frontal cortex during
episodic retrieval, but in fact, revealed the opposite: con-
trary to predictions in line with the HERA model, right
frontal cortex (BA 11/47) was activated more during sem-
antic retrieval than episodic retrieval. In fact, episodic
retrieval engaged this specific right frontal region the least
of the three tasks (see Fig. 6).

The discrepancy between current and previous findings
may be due to differences in the episodic tasks used.
Specifically, the right frontal activation for the current
episodic memory task may have been less robust than
other reports because our task was less effortful (indicated
by high accuracy scores and fast response times) than
other episodic memory tasks reported. It has been pro-
posed that frontal activation during retrieval is associated
with the attempt to retrieve information from memory
rather than the conscious recollection of the retrieved
information [33, 52, 60]. Schacter et al. [60] suggest that
retrieval attempt is related to the effort of retrieval and
further, that blood flow in frontal regions is associated
with that effort. Direct support for the association of
right frontal activation and general effort is reported by
Grady et al. [25], who found a linear increase in right
frontal rCBF with increasing difficulty on a perceptual
matching task.

Consistent with this argument, the more effortful
“retrieval” tasks (semantic and episodic) selectively
engaged right dorsolateral frontal cortex in BA 9 relative
to naming. However, retrieval effort cannot explain the
activations in all of right frontal cortex. In particular, the
“semantic” tasks (naming objects and semantic retrieval)
selectively engaged the more ventral region in BA 11/47
relative to episodic retrieval (see Fig. 6). Thus, although
general effort could address the activation in BA 9 (sup-
ported by slower response times for both retrieval tasks
than naming), it could not explain the activation in BA
11/47 (as subjects were faster at naming than either
retrieval condition). The locations of these right frontal
lobe activations are not anomalous, but have both been
reported in previous episodic retrieval studies.

These distinct patterns of activation suggest that
different regions within right frontal cortex may have
specialized processing roles (cf [6]). For example, it may
be that frontal lobe involvement varies according to the
degree of strategic search demanded by the task (see [46]),
or according to the degree of monitoring demanded by
the task (see [58, 63, 64, 73]). Regardless, such evidence
underscores the need to articulate what specific processes
are involved in the effort of memory retrieval (semantic
and episodic), and whether these processes are subserved
by distinct regions within the frontal lobes.
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4.5. Cerebellum

Strong, bilateral activation of the cerebellum was
found for all conditions relative to the low level baseline.
These activations were expected, given the requirement
to produce speech during the naming, semantic, and epi-
sodic retrieval tasks. In addition, episodic retrieval pro-
duced greater activation of the left cerebellum compared
to object naming and to semantic retrieval (see [12] for
studies showing left cerebellar activation for episodic
retrieval). This finding was not due to effort, per se, as
retrieval of color words was faster for the episodic con-
dition than for the semantic condition. This finding is,
however, consistent with the suggestion that the cer-
ebellum plays a greater role in the initial acquisition and
retrieval of newly acquired information (episodic con-
dition) than in the retrieval of older, previously acquired,
and well-established information (semantic condition)
(see [38] for a recent discussion of the role of the cer-
ebellum in learning).

5. Summary

These results support the hypothesis that retrieving
episodic and semantic memories recruit distinct neural
areas, even though the tasks used in the current study
were equated for accuracy, viewing conditions, and ver-
bal responses. Consistent with predictions, we found that
retrieving semantic information activated the left tem-
poral and left frontal regions whereas retrieving episodic
memories reliably activated medial parietal cortex, retro-
splenial cortex, and thalamus. Our data deviated,
however, from other predictions regarding neural cor-
relates for episodic retrieval: Specifically, episodic
retrieval recruited less left temporal cortex than naming
objects and than retrieving semantic information, and
recruited less right frontal cortex than retrieving semantic
information. These findings suggest that temporal and
right frontal regions are not obligatory components for
all episodic retrieval.
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